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Fig. la—Automatic counter-torque braking permits 


the crane operator to safely lower a load of molten iron. 


Fig. lb~—Adjustable counter-torque for braking this 
overhauling load is obtained with secondary control 


Fig. 2—This side-trimming line is a typical example of 
a continuous metal-processing line on which regener 
ative braking is applied for torque or tension control 
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CHARACTERISTICS OF ELECTRIC-MOTOR BRAKING 
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REQUIREMENTS TO 
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APPLICABLE 
MOTOR TYPES 







METHOD BASIC OPERATION 












Friction Friction elements All types None Stopping 
Braking shoe or disk) electri Holding 
cally, mechanically, 
pneumatically or hy 
draulically actuated 
produce braking load 











Magnetic Particle Magnetic-particle All types Excitation power Stopping 





Braking dry or fluid) coupling Holding 
mechanically con Deceleration 
nected to motor pro Torque-tension control 






duces braking load Speed control 










Eddy-Current Magnetic coupling All types Excitation power and stopping 






Braking unit mechanically motor rotatior Deceleratior 
connected to motor Torque tension 
develops eddy-cur control 
rents which produce speed control 






braking load 










Hydraulic Hydraulic pump type All types Motor rotation Stopping 
Braking device mechanically Deceleration 
connected to motor Torque-tension 
produces braking load control 





Speed control 


















Dynamic Braking by Application of a-csin Three- phase squirrel A-csingle-phase pow Stopping 
A-C Excitation gle-phase power cage and wound rotor erand motor rotatior Deceleration 
makes motor operate Torque-tension 
like a generator control 







Speed cont 






rol 












Dynamic Braking Application of a-c Three- phase squirrel A-c single-phase pow Stopping 
by A-C Excitation voltage to special cage with special erand motor rotatior 
of Special Winding winding makes motor windings 
operate like a genera 






tor 











Dynamic Braking Capacitor provides Three-phase and sin Motor rotatior Deceleration 
by Capacitors excitation so motor gle-phase squirrel Stopping 
operates like a gener cage 
ator 










Dynamic Braking by Discharge of d-c pow Most single-phase Motor rotatior Deceleratior 
a Capacitor Resistor- er from capacitor into types; three-phase Stopping 
Rectifier Circuit motor makes motor squirrel cage and 
operate like a genera wound rotor 





tor 















Application of d-c Most single-phase D-c excitation power Stopping 


Dynamic Braking by 






D-C Excitation power makes motor types: three-phase and motor rotatio Deceleration 
operate like a genera squirrel cage and Torque-tension 
tor wound rotor control 






Speed control 





Dynamic Braking Motor operates like a All d-c types if field D-c excitation power Stopping 
with Resistors generator and pumps excitation is matir and motor rotatior Deceleratior 
power into a resistor tained ;a-cd-cuniver Torque-t 
load sal; a-c synchronous contr 
d-c excited fields : 





ension 












Regenerative Motor operates like a Most a-c and d-c Electric powerandr Deceleratior 
Braking generator when it types except synchro tation above norma Torque-tension 
runs above normal or nous or synchronou peed control 
synchronous speeds Speed control 





and pumps power 
back into the line 




















Plugging or Power lines are dis Most three-phase Electric power Deceleration 
Counter-torque connected and recon types; single-phase Stopping 
nected to produce a repulsion (‘special Speed control 
reverse motor torque a-c d-c universal; d-c Stalled-tension 
shunt, permanent control 
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Fig. 4a—Operator em 
ploys plugging to bring 
work piece to a quick 
stop. The motor is mo- 
mentarily energized in 
the reverse direction. 
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Application of Braking Methods 
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Self-adjusting d-c magnetic brakes Type SA) are designed 
for steel-mill and crane service, and can be used on all ap 
plications requiring rapid stopping and holding of a motor 





Fig. 4b—In plug 
ging, or counter. 
torque braking, 


such as on hoists, conveyors, turn tables, and lift bridges 
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Fig. 5a—Rapid braking on this vertical press reduces 





production down-time whenever stops are made for 






tool changes or for emergencies. Without braking, the 






flywheel takes eight minutes to coast to a stop; with 






Dynac dynamic braking, only 24 seconds are required 










Fig. 5b—Simplified schematic of 






the Dynac dynamic braking sys 





tem. Direct-current is applied to 
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Fig. 6a—A combination of both shoe braking and dynamic ca 
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Testing throughout the development stage of the Shur-Temp system 


was done with special copper ‘‘hamburgers’’, in which thermocouples 


were imbedded. Another test utilized copper ‘‘potatoes"’ in 3 pounds of 


fat. Repetition of test conditions was more easily controlled with these 
ersatz loads and actual temperatures could be measured accurately. 
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The reactor building will consist of a 
high by 70 feet in diameter placed ibove a concrete basement 
32 feet dee p hig. 2 4 7-foot wide can: 
basement area, which provides in 
extending 10 feet radially beyond the vapor she igh 
pressure test oop installations \ pressure sea betwee 
area and the shell maintains the integrity of tl 


The anal provides direct connection 
located in the reactor-service buildin 
specimens can be conveyed undet 
between the reactor and the hot cells 

The rea tor-service building houses a hot laborator 
decontamination area, the reactor control room, an industrial 
hygiene laboratory, tracer and instrument laboratories 
change rooms, a laundry, a library, a cafeteria, and all office 
The fac ities 


in this building are all conventional with the ex« eption of the 


areas 1h luding space lor customer personnel 
hot cells located directly over the canal. The main reactor 
control room is on the second tloor of the service building 
Ihe process building, located directly behind the reactor 
building, is divided into five operational areas. One area 
contains the two main circulating pumps lor primary process 
water, a shutdown circulating pump, an ion exchanger, and 
the primary-loop heat exchanger. Another area houses al] of 
the waste-disposal equipment \ third area contains air 
handling equipment for the entire plant. Equipment for 
conventional power services lo the pliant air Compressors 
steam generators and their appurtenances—is located in the 
fourth area. The fifth area will be used as an erection shop 
lor test loops and will also contain machine tools and equip 


ment for plant maintenance 


The Reactor 


Phe initial power output of the reactor will be 20 megawatts 
\ secondary cooling system is designed to handle thi 
with &5-degree F cooling water. With lower-temperature 
cooling water or additional cooing-tower capacity more 


power can be dissipated by the secondary plant The pra 


tical limitation on reactor output is the high-pressure t 


thimbles. These thimbles will be made of stainle 


minimum wall thickness to maintain maximum flus 


minimum gamma heating stresses, and still provide an oper 
or below The therma 


ating life of one year at 20 mevawat 
neutron fluxes available in the reactor for the various te 
holes and thimbles will range from 10" to 10" neutrons pet 
square centimeter per second 
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Reactor Core Structure—The core unit 


two 3! inch thick stainless-steel tube sheet approximate 
50 inches in diameter, which are bolted to each end of a large 
flanged aluminum tube section 44 inches ony Susp nded 
between the tube sheets in counterbored holes geometrica 
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il aluminum tubes in ; Ki nal arrangem 
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Cross-section of WTR fuel assembly. 


This is accomplished by the equivalent of a poorly-regulated pressure of 150 psi has been selected for the pressure vessel 
power supply whose characteristics are such that as more ‘ has an outside diameter of & feet and an overall 
control drive motors are plac ed on the line, the speed ol each , including the upper and lower enclosure covers, of 
motor decreases c<imately 33 feet. The vessel will be made of one-inch 
The nuclear instrumentation system will be a conventiona ‘ ! leel in three tlanged sections bolted tovether The 
duplicate-channel arrangement Seven detecting elements W V ections will be permanently yrouted into con rete 
and channels cover the start-up range, the period range, and shielding and, in addition, will be internally seal welded 
the power-operation range. Two sets of instrumentation will after mounting to insure complete water tightness The 
be used for the turst two ranges and three for the power range mal op section, conical in shape, is penetrated by a 
Phe neutron detectors and their associated instruments will number of tlanged pipe sections, which serve as outlets for 
be of the long-life, shock-proof type strumentation wiring and tubing for test specimens in- 
to the core structure from above. Piping is alse 
Pressure Vessel provided for through-put experiments 
Therma! shielding 1o prevent excessive temperature rises 


An outline drawing of the pressure vessel and its it <ternal concrete biological shielding is provided 
structure is shown in Fig. 5. The maximum internal pt ! tainless-steel cylinders of approximately two- and 


caused by the primary-loop water will be 112 psi dl h wall thickness, respectively, surround the core 
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mica 


Mica, A PRIME INGREDII 
ol modern 
al insulatl issomething ol a 
paradoy tS application Is mosl 
modern —thereare no bettersub 

ites: but it till depends upon Ma ot the i 
ind processing techniques that were employed over 
igo when Westinghouse used mica insulation for 
Niagara Falls generators. The contin 
ts outstanding combination of diele 

high dielectric strengtl 


surface and volume resis 


llent thermal stability, since 
On inflammable 

Mica is actually a natural film 
block form that can be split into 
seven recognized varieties of mica 
phlogopule—are of any industrial importance 
muscovite mica might be called hnvdroven pota 
num-silicate; similarly, phlogopite is a hydrogen pota 
magnesium-aluminum-silicate. The colors of both type 
considerably. Muscovite, the harder and more 
two, is commonly found in white, green 
is found in amber, brown and wine colors. ¢ 
or black stains are a4 frequent source of troubli 
may be oxides of iron, manganese, o1 


sulating properties of the mica 


Although mica is found in all parts of the world, t] mo 
Casliy worked deposit are located In Ind aand Vl day i il SOO) 
Ihe mica-bearing rock is blasted, and mica crysta 
rated from adhering rock by hand ¢ obbing, that 
ing them apart with a small hammer. The mi 
spected and sorted according to size and quality 
in high-voltage electrical insulation the block 
pieces at least one-inch square. The blocks are 
knife, scissors, or saw and sorted into variou 
They are then pit by hand Wit! 
pointed instrument into films fis 
pluttings Irom 
» availability of low 
1 an economical product 
children are ght the art 


Manufacture of Mica | 


provided an @xce 
eral subsequent 
u able Binders and ba 
mechanical strength 
Phe processing 


introdu 
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Fig. 1—Top-quality mica used for hand 
building is checked prior to use. This 
mica is received from India in the form 


of books’’ of matched splittings 


Fig. 2—WHand building involves plac 
ing layers of mica splittings so that the 
edges overlap '%4 to 2 inch, with 
resin binder applied between layers 


lor 


i becomes usable irom an 


tandpoint, there are many hurdles 


industry. For example, 
nto flakes econon 


material 
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Fig. 3—The backing or reinforcing ma- 
terial acts as a conveyor belt, and is 
passed under a roller that coats the ma- 
terial with a resin binder. The required 
layers of splittings are hand laid, each 
layer followed by an application of bind- 
er. When the desired thickness is ob- 
tained, a covering material is fed onto 
the assembly. Since the conveyor belt 
travels at relatively fast speeds, some 


Wee 
¢ 


baa 


portion of the binder remains solvent at 
this stage. Further drying by heated 
rolls is usually employed before the 
material is rolled onto drums for test 
ing and cutting into tape or wrappers. 


Fig. 4—Top-quality mica products, such 
as coil wrappers are dielectrically test 
ed in the range of 3000 to 7000 volts. 


belt from a rotating drum. Binder 


Fig. 5— Mica flakes for machine building 
are received in bulk in boxes from India, 
and are checked for quality on light 
ed conveyor belts, where stained split 
tings or foreign materials are removed. 


Fig. 6—An endless metal chain belt 
passes under a snowing tower, where 
mica is showered onto the traveling 


streamed over the mica, and rollers press 
the binder in between the splittings 
The material is carried through an 
oven to remove the binder solvent 
A mechanical shear cuts the mica 
and-binder’ sheet into sections as 
it comes off the belt. Several sections 
are baked under pressure to form 
plate, ready for stamping or forming. 





Fig.7—Machine-built mica iscut intosec 


tions asitcomesoffthe building machine 


Fig. 8—Molding mica plate comes 
from the building machine itn a flexible 
form, which is cold formed and baked 
under pressure in molds. This cures 
the material $0 that subsequent 


heating will not cause softening 
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| r wer ire oy lor eal ! ! ) ( pon metatiuryist s the development ola 
‘ ePSeHT | orator | more a i more severe operating condit ol 
he desired | l¢ el er resst ind, or higher temperatures hus the 


jes for re tance to detormation and fracture 


portance (‘onsider then, some ot hese 


eir underiyl iy concept 


Atomic Structure of a Metal 


er ¢ leature ol a solid metal is the orderly il 
e atoms in a three-dimensional network, ju 
eld torn in orderly arranyement in a two 


etwork. If the same orderly array extend 
e entire pecimen the specimen 18 a crysld 
rie ition of the orderly arrangement remain 

over only comparatively small regions, called 


orl re commonly grali a ly 1 The orientat on 


I ire essentially independent of one another 
rain various type ol irreguiarities occur 
ere loreign partici intrude Those loreign pat 
re present itt the liquid before solidification are 
i j (Other toreig 1 particle ire formed dur 
( yhid ( from the meit ust as rain drop 
) persa rated air. These are pre f 
ee r re ymarticle the meta ot per | 
Here an ere reign atoms are found. Ator 
i¢ ( manly ire iid to he ad } 
eoltlan element not idded intent onally are called 
ramp ato Here and there a position where a 
al be lound to contain no metal atom. Su 
ed l ; hig 2 
ol tore I itoms to pre pitate particies 
relation ol water molecule In Saturated I 
ter droplets. As the temperature is raised 
ol the precipitate particies go into solutior 
eco ( ratio ol the ato iK ersed 
i rise ler eT re ( I 1¢ 
ra i ( porate ered ra ( 
Lier rie ( eS 2 ro | 
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Fig. 1—Typical grain structure. 


When the al oying atoms are present in a sulhcientty yl 


concentration, 1.e., approa¢ ning 30) percent, they may arranygeé 


themselves in an orderly manner. The metal is then said to be 


ordered, Otherwise it 1s said to be disordered 


\ rather pecullar, but very | nportant, type of irreguiarity 


tor a two-dimensional array is the termination of a row of 


atoms, as illustrated in Fig. 4. The consequent distortion of 


the lattice is contined essentially to the immediate vir tv ol 
the terminus. This vicinity is called a disloca/ion. In a three 
dimensional array, a dislocation forms a line, not necessari 

straight. That line of atoms which terminates in a dislocation 


need not remain fixed. As illustrated 


rearrangement of atoms 1s necessary in order for a terminating 


row to interchange roles with a neighboring row. Such a re 
arrangement of atoms can be thought of as a motion ot 
dislocation normal to the termination row, a motion whicl 
called a glide. A condensation: of icancle it the disloca ) 
will cause the dislocation to move up, the process ol evapora 
tion of vacancies will cause a downward motion. Such a ver 
cal motion ts called a climb (hig. 5 

This description of a metal is a static description, appropt 


ate to very low temperatures Actually at moderate tnd pat 


ticularly at high temperatures, the atoms in a metal are 


constant state of flux. The individual atoms vibrate with the 
high Irequency ol the order of magnitude of 10 cycle C6 
Phe vacancies rapidly roam throughout the metal, resulting in 
a continual reshuffling of parent and foreign atom 
reshutfling, foreign atoms precipitate; other precipitate pat 


re continually gliding 


ticles partially redissolve. Dislocation 


back and forth as well as climbing up and down, with a con 


comitant condensation or evaporation Ol vacancle 


Deformation 


The atomic mechanism of deformation in metals | re 
understood by contrasting deformation in metals with that in 
amorphous materials such as tar. The rate of deformation in 
an amorphous material is strictly proportional to the applied 
load, 1.e., amorphous material behaves in a viscous manner 
\s illustrated in Fig. 6, a piot of deformation rate versus load 
yields a straight line. In marked contrast, the rate of deforma 


tionina metal is essentially zero until a critical load reached 


higher loads resulting ina rapidly increasing rate of detorma 
tion. In an amorphous material the load required to cause a 
given rate of deformation increases rapidly with a decrease 

temperature Thus this load may be doubled by a 10-degree 


C drop in temperature. In many amorphous materia 


as glass, the load required to produce an appreciable rate of 


deformation at room temperature 0 | it on fa 

the load the material fractures without observable deform 

tion. Such amorphous materials are id to be bri ( ly 
marked contrast, the load required | » prod Ice a plve elo 
mation rate in a metal 1s relatively inse itive to temperature 
ncreasing by only a small factor a e specimen is lowered 


from room temperature to that of liquid hell 


is differes 


elementary ae ol detormatio K ¢ piace ft a rearra U 


Fig. 6—Deformation rate of amorphous 
material and a metal crystal under load 
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particles are inclusions and precipitate particles 


foreign 


Fig. 2—Within each 
grain the orderly pat 
tern of atoms is bro 


ken by tmpurity 


atoms and vacancies 


Fig. 3—An 


ordered 


metal is one in which 


the atoms 


themselves in 
derly pattern 
concentration 
loying atoms 
than 50 per 


arrange 


an or 
if the 
of al 
is less 


cent 


the arrangement 
is often disordered 


Fig. 4—Glide 


is the 


lateral movement of 


a dislocation, and re 


sults in some 


rear 


rangement of atoms 


Fig. 5—Climb 


6 the 


vertical movement of 


a dislocation 


and is 


caused by either con 


densation or evapora 


tion of 


DEFORMATION RATE 
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s necessary 


7~Large movement of atoms 


for deformation to 


occur in material 


for 


metal 


amorphous as 
dimensional 


the 


shown a two glass 


in a on other hand, 


the deformation may consist merely 
of the of 


only atomic 


glide a dislocation, witt 


movement 


slight 


nece I 


on proceed 
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MATERIAL METAL 


Murcommon pure metals 


tresses of only one-tenth 


periments w t} 


ker 


iis 


ery periect 


contirm the theo 


is Common pore 


yf onesort or ano 


er 
ol amorphous materials 


At leas 


to the pres 


oretlical values in 


can be traced 
tress concentrations at the 


nt to raise the local stress 


ol the materia 


aoes not appear poss ble to blame 


s to surface cracks 


sat low stress levels can, how 


impo riections 
al impertection 


lv - ian the overall stress 


Impertection Of a laminar or 
cal elements or compounds hay 


strength 


CONES VE 


nown condition | ; ry ict of defor 


stress concentrations Presumably 


h they are venerated, n 


llow one another alony 


ead of such uster ad 


a 


ol 


icle. The continued advance 


ead builds 


i} to 


spear up a nit 


force the 
This stress 


| ies 


concen 


otherwis 


concen 
Laborator es 
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Iracture stresses of pure metals 


oO analysis 18 the stress con 
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le 
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More pre 
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boundary 
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shear stress act ny across the element, 1 i nner 1 di we as in the common 
cated in Fig. 10. This rate of slip increases rapidly wit! ivht Thus grain boundaries 
rise in temperature. But no such relative motion can occur at concentrations caused 
the junction of these grains. These junctions thereby acqu jut also are apt to be tl 


' 


high stress concentration. Cracks started at these junctionscat ! combination of 

then spread throughout the specimen Metal specimens are Lrins weakness trequent 

susceptible to such cracks under conditions that favor grain t link ina meta 

boundary slip over plastic deformation in the interior, namely yen ¢ troy embr 

low stresses and hivh temperatures for a long time These are ! ny apart along the 

just the operating onditions for inlet pipes to steam turbines Minute traces of hy 
Small amounts of impurities could not appreciably | erous manner in large 

the resistance to fracture if the impurity atoms remained dispersed hydrogen 

atomically dispersed. Many types of tramp aton ave the pose that a stress is 

unfortunate habit of segregating into films enveloping this deformation itself 5 

grain boundaries, these films having only a slight cohesion propagate under the applie 

with the adjacent grains. Now the overall tracture strength callydispersedinthespecime 

of a specimen can be only as high as that of the weakest plane in time building up pressure 

in the specimen. Only minute traces of those elements which pansion. This danger ol 

then segregate are hence necessary to cause premature trac mall forgings, out ol 

ture. The classic example of the disastrous effects ol ich 

films is the segregation of bismuth along the grain boundaries Design Pring iples 

ol copper Unfortunately this segregating tendency is not con 

fined to esoteric elements like bismuth. This tendency is pro Phe appropriate choice of 


nounced in the common tramp gases, oxygen and nitrogen, as a particular applicator 
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consideratior Phu I lightne ol welg! 


Kn principle encountered 
Irre pective ol our partic 


ol our choice ol general type ol materia Ine same b 


Fig. 9—Stress concentrations can be built up by the coales 


cence of dislocations, thereby forming 








high emperature operation is not required, an alun 
base Lig ma he cnosen If the materia lo operate 
room or o1 moderately elevated temperature in iron-t 
illo is many advantages. If the temperature of oper 
er nig? i base with a high me ng temper re 

mo rycle ] called tor (on ilter ne vyenera poe 
mater | bpare Chose ind ne question ol how | ha 
material must be allo ed and proce ed.is the need tor me 


micro-cracks 


etallur il problem is faced. A common requirement is high 
re e to detormation, 1.e., high strength as measured, for 
example DY yile d strenytn, or hardness or stress required to 
produce a given « reep rate But experience has taught that 
premature fracture in service may occur with little or no ap 
pre ible prior detormation, unless the material has a certain 
" mum duct ty aS manitested in the standard tensile test 
| el ce ocalized revyions of! stress concentration arising 
from notches, scratches, or inclusions are unavoidable. Unless 


hese localized regions are susceptible to considerable plastic 
leformation and thereby to stress relaxation, fracture will 
occur belore the overall! stress level reaches the design level 
| xperience has also taught that increased strength may 
readily be gained only ata sacrifice of ductility. This inverse re 
ation between strength and ductility is represented in Fig. 11 
Increased strenyth, with a concomitant reduction in duc 

can be obtained in a variety of standard ways, such as 
by raising alloying content and/or lowering tempering tem 
verature. Increased strength without a concommitant de 
crease in ductility can be obtained only by re« ognizing those 
factors which contribute to premature fracture and then de 
yning the composition and processing of the alloy to mini 
nize the harmiul effect ol these factors 

\s mentioned, certain undesirable tramp elements, in par 
Cular the vases oxyyen and nitrogen, are prone to form weak 
nd the grain boundaries. The deleterious effects of 
he tramp elements will be further minimized by avoiding 
rucible contamination through use of a cold-hearth 
melting technique, such as is done in are melting or in induc 
tion drip pool melting 

The harmful effects of the contaminating gases may some 
times be lessened by avoiding tilm formation. Thus if the oxy 
gen is tied up in the form of a refractory oxide, it is rendered 
essentia harmiess 

Improvement in the strength-ductility relation can be ob 
tained not only by minimizing the content of those tramp 
elements that form weak films, but also by minimizing the 
tress concentration induced by deformation itself. Stress 
concentration induced by dislocation clusters impinging 
against grain boundaries is higher the larger the grains. Re 
duction in grain size therefore leads to an improved strength 
ductility relation 

Another method of lessening these stress concentrations Is 
by the i! 


Such particles presumably cushion grain boundaries against 
| | 


troduction of finely dispersed precipitate particles 
the impact of the dislocation clusters’ spearheads. By intro 
duction of finely dispersed precipitate particles, strength and 
ductility can possibly be raised simultaneously. Thus the addi 
tion of two percent of finely dispersed particles of aluminum 
to zinc doubles the yield stressand at the same time changes the 
reduction of area from 25 to 99 percent. A corresponding simul 
taneous rise in strength and in ductility likely will be achieved 
most common alloys when methods are developed for in 
creasing the tineness ol dispersion of the hard precipitate parti 
cles. For example, such a simultaneous rise has been obtained 
n Discaloy precipitation hardened alloy by an appropriate 
combination ot workingand heat treatment. Theconventional 
method of obtaining finely dispersed hard particles is through 
precipitation of an intermetallic compound. Less orthodox 
methods promise the possibility of obtaining even finer disper 
on, Examples are internal oxidation and powder metallurgy 


Iwo primary ftactors are responsible for a decrease in 


ren her temperaturees. One factor is the gradual 
decrease the dispersion of the precipitate particles tech 
ca } ) as coalescence. ( oalescenct ( in be reduced by 
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Fig. 10—An applied toad builds up stress concen 
trations at the junction of three grains. Thus 
sides of the grain slide over one another as 
shown, thus building up the stress at grain corners 
The photograph shows a crack initiated by 
such a stress concentration at a grain corner 
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Metallurgical ce ry t f rre ed lor 
use of precipitate particles having lower solubility and lower parting properties other | mn re 
mobility. Thus steels hardened by a finely dispersed tungsten tance and improved Wait ee pr 
carbide phase retain their hardness at higher temperature ciples, although admitted ( ( erable 
than steels hardened by iron carbide. The second factor the use in improving old and ( ( oO ela 
increased mobility of dislocations at higher temperature ry the possible comb ; e almo 
particularly mobility in climbing. The standard way of reduc imitle Only throug! ( le ( que 
ing this mobility, as manifested, for example, through a rise in can we hope to determine e be etal or 
recrystallization temperature, is by the addition of appropt illoy for a given application. « 
ate solid solution alloying elements that clog the disloca 
tions. It is believed that. for a given concentration, the mo 
effective alloying elements for clogging dislocations are those Fig. 11—Strength and ductility vary inversely 
whose atoms differ most in size from those of the base meta Thus a large increase tr trength can be gained 





only with a sacrifice of ductility, and vice versa 





Thus the order in which one atom percent ol alloying el 





ments raises the recrystallization ten perature of iron } Mn 
Cr, Mo, V, W, Cb, Ta, the same order in which atomic size 
differs from that of iron 













4 metallurgist’s troubles have only begun once a metal 













VACUUM PLUS 
COLD-HEARTH MELTING 


5 al 


design has been decided upon for a particular applicatior 









Unfortunately, he cannot place the atoms layer by layer ju 







as he pleases, like a bricklayer building a wall. When a meta 






VACUUM - MELTING 
PRACUCE 


freezes from the melt, the arrangement of atoms is almo 






beyond his control. Oxides and nitrides have probably segr 


STRENGTH 


gated along yrain boundaries thereby render ny the ingot 





brittle. Those a oving elements that have been added inten 






tionally for increased trength may be uselessly di perses 





large precipitate particles, so large as to have little re! 






ening effect. By using the few available crude too It 







forging or rolling, heating, quenching, or slow furnace ”) 
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7 he reraling program undertaken 





with small a-c motors now 1 






being extended lo larger d~( 






motors and to d-c motor The 
results and effects of th 


new standards are outlined her 










Large and small in rerated 
a-c motors: 150-hp motor in 
the 445 frame, and a 1-hp 
motor in the 182 frame. 











The Significance of 









NEW STA 
FOR 


NDARDS 
MOTORS 










* SEVERAL YEARS AGO industry-wide standards for small 
i-c motors were revised. This enabled motor designers to take 


full advantage of the many developments that had been made 


M. E. KNUDSON in the motor art; the result was a new Lifeline A motor, which 

Mintow and Candied Tiwiel is both smaller and lighter than its predecessor for a given 

Westinghouse Electric Corporatio horsepower, and has a longer life expectancy and improved 
Buffalo, New York performance 


This NEMA rerating program has now been extended to 
the larger frame sizes of a-c motors, and also applied to d- 
based on a paper presented at the 20th Annus motors for the first time. Many benefits will accrue from these 


trif t im, sp ‘ 
Corporat Buffalo, N Y., April 17 & 18, 195¢ new programs. 


Pao NEMA FRAME ASSIGNMENTS 






— | 3600 RPM 1800 RPM 1200 RPM 900 RPM 3600 RPM 1800 RPM | 1200 RPM 900 RPM 
2 ae ee a ae clk. seeakar 
284-U 286-U 326-U 364-U 286-U 286-U 326-U 364-U 
286-U 324-U 364-U 365-U 324-U 324-U 364-U 365-U 
324-S 326-U 365-U 404-U 326-S 326-U 365-U 404-U 
326-S 364-U 404-U 405-U 364-US._|___364-U 404-U 405-U 
364-US 365-US 405-U 444-U 365-US 365-US_ | 405-U | 444-U 
365-US 404-US 444-U 445-U 405-US 405-US 444-U 445-U 
404-US 405-US 445-U — 444-US 444-US 445-U _ 
444-US 444-US _ — 445-US 445-US _ _ 
445-US 445-US _ _ — — —_ 
(DESIGN A) 
: ma 
5-8% SLIP 8-13% SLIP 
-_ _ _ 364-U — a _ 365-U 
as me 364-U 365-U - — 365-U 404-U 
_ _ 365-U 404-U _ 364-U 404-U 405-U 
~ 364-U 404-U 405-U — 365-U 405-U 444-U 
wai 365-U 405-U 444-U —_ 404-U 444-U 445-U 
— 404-US 444-U 445-U — 405-US 445-U _ 
_ 405-US 445-U ~ — 444-US — — 
_ 444-US _ —_ — 445-US _ _ 
_ 445-US _ — - —_ ~_ _ 




































The new motors will be I cle mand ippearance 
to the smaller Lifeline A motor | 4) hp). The design fea 
EA tures and performance character ol ‘ iier motor 
Pee will be incorporated in the ne ) pre le al 
a form group ol a-c motor ( ‘ ipward through i¢ 
2 445 frame size (see photo e lett overin ! r} 
5 ratings from 1 to 100 horsepower 
5 
3 D-C Motors 
2 
6 The new standard idopt ! ustrial d-c motor ee 
oe i 
a P photo, above right) cover 1 1 through 200 horse 
= power; for generators rating ! 150 kilowatts are 
= ‘ volved. No standardized frame me ire made. How 
ever, the new standards for eq ment ivolve several 
important changes In rating i erformance characteristi 
. | | The held ol appli ation lor or nas ¢ inved mate 
rially since original standard ere estab ed. bormerly 
: ” they were applied for cor peed drives and wherever 
direct current was the ma ree ! Ipp (decasionalls 
Fig. 1—Typical speed-torque curves for NEMA designs, B,C, and D. they were applied to obtai p ; in-base speeds made 
pos ible by weakening the ( \ preset Hye yorily ol 
A-C Motors d-c motors are applied on variable we drives and have 
their own generator source f trend ha 
lor a-c motors, the new extended standards cover frame resulted in a combination « ( est 0 peed i 
sizes from 364 through 445, which represent, roughly, a- adjustable-speed ratings i e ce 
motors from 40 to 100 horsepower Principal changes in the d lards are: (1) There 
rom the user’s standpoint, the new program will not cause ire no frame assignme yy A ( eof ra Col 
the problems encountered previously when new frame diam bines the present con et ible-speed rat 
eters and mounting dimensions were introduced for smaller nys; the table provides for 15¢ rather tl ()2 
frames. No new diameters or frame mounting dimensions w before 3) The new motor ( roves i 
be introduced. Changes will be limited to a reassignment of icleristic $) Nor 
ratings, horsepower, and speed for motors in standard 364 to rather than 11 
145 frame sizes tandardized. (6 
For dripproof a-c motors, a simple, practical rule of thumb rise with service 
for determining the new frame for a given horsepower rating The absence « 
is that the new frame sizeis two frame sizes down from the cor indards repre 
ventional size. However, this rule does have an exceptiot ' { rescindes 
does not apply to these motors in two-pole, 3600-rpm ra ms were that 
lotallv-enclosed fan-cooled motors do not follow 1) ind ced 
convenient pattern, even though compat ible reductio oO advantave ¢ 
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frame sizes have been made. The re » between old and 
new trame sizes is show! | | 
The reassignment of frame t made any changes i 
NEMA performance standat | 1. The ts on start 
torque, pull-out torque ru ent, temper re rise, and 
other characteristics have t inved Ad Ipprool 
motor tor O0-cycle operat t be rated on a 40-degree 
rise and en losed motors o evree rise 1} ul the me 
standards will not affect ( eabiiit No. ditheul ty 
Will arise in converting trot ( rese tandard trame 
diameter, and mounting dime he new rati 
Doubtless in many cases the ne iri ‘ provide a 
inswer to a redesign problet ble example ire the 
problems created by the curre! tre | vard increased it 
ting speeds and duty cyele T e too ind the nece 
\" sity for increased horsepower requireme for spindle, table 
and feed motors. In the past nicl cle changes result 
This industrial d-c is representative of the from space limitations. Cla Hl oor come ulated motor 
line designed in response to new NEMA standards. rated with high temperature p e hee ised to obtain the 
necessary increased horsepower. Motors built according to the 
, new NEMA standards can ¢ ( probien where a d0-hp 
1800-rpm spindle motor Wa ed torme! i four-pole, /-hp 
motor can now be used w ‘ i ( ! ol 

































pace requirements 

































ratings on the same trame sizes. Generally the trame number 






used with a-c motors will continue to be used on the nev ( 






ol cd motor The ratiny nowever, will not nece ar 


F 






on the same trame sizes with all manulacturers 


The torg ic produced by a d ¢ motor can he much yvreater 






than that ol an a-c motor ol the ame rating 1 10 p de 






motor, for example, can be built on one frame size by one 






manufacturer and on another frame size by another manula 





turer Howe cr with but few exceptions both Wi) have lrame 
numbers that will line up ba ically with the NEMA number 


ing system tor a-c motor 






\ ingic table of ratings came about because of a ( 


approact lo the rating ol ad ustable peed motor [he od 
' 


tem for rating adjustable peed motors established 







an open motor hould operate al 150 percent above | hase 


peed with a 40-degree rise. The motor was also rated at the 






base speed for one hour at a 50-deyree rise. The horsepower 






that at $00 percent ol base peed and with a 40-deyree rise 







” . , + , y + 
OLD MOTO) 













PERCENT SPEED 












motors and comparable conventional motors 






This rating at 300 percent ol base speed was the next higher 





horsepower rating, and varied considerably over the line of 





motor Phe adjustable-speed motor on the old arrangement 





was therefore a somewhat different motor than one designed 





to operate continuously at base speed with a 40-degree rise 





In the new industrial d-c motor the constant-speed and 





adjustable-speed ratings are merged. Dripproof motors wil 





Operate continuously at base peed with a rise of 60 deyvrees 





regardless of whether they are sold as adjustable-speed or 





constant-speed motors. Adjustable-speed motors will carry 





115 percent of their rating at 150 percent of base speed. At 





three times base speed, or higher, they will carry 130 percent 


base speed Both of these ratings are al 





ol the rating al 





(-deyrees ( rise, continuous 





\ considerable reduction has been made in the number of 





ratings in the new d-c line. Where 502 ratings appeared in the 





old standards, now only 156 ratings are necessary. In addition 





to combining the constant speed and adjustable speed motors 





154 





Wa tapered increasing trom that at 150 percent ol speed lo 







Fig. 2—Relative response of rerated d-c 


to one table, the number of ratings has been reduced by 
ng eight base speeds entirely, namely, 100, 150, 200, 250, 
$50, 450, 575, and 690 rpm. On the other hand, two new base 
peeds have been added. One new base speed, 650 rpm, now sub- 


tes lor obsolete speeds of 575 and 690 rpm, and one 2500 


rpn vas added to till the gap between 1800 and 3600 rpm 
The relative response of the new line, Fig. 2, compares 


that of the old. The use of Class B insulation, 
plus the use of a longer core length for a given armature 
diameter, reduces mechanical inertia material 5 Basically, 
f have a slight advantage in time constant of 
the main field, but this is not truly significant because in any 
ise where a low time constant is desired, the relation of 
nductance to resistance of a field can be controlled by the 
design of motor and control. This ts, of course, true for either 
old or new machines 

Although d-c motors usually have been rated at 115 and 
230 volts, and d-c generators at 125 and 250 volts, under new 

indards nominal motor voltage becomes 120 and 240 volts, 
while generator voltage ratings are un 
changed. Earlier, the difference was in 
tended to compensate for line drop, be 
cause there was usually a considerable 
length of conductors between the gener 
ator and the motors. This situation is not 
true for the individual variable-voltage 
drive where the motor-generator set 1s 
usually located near the d-c driving 
motor. In such cases, the line drop is 
negligible. Furthermore, in applications 
where motors are supplied from a con 
stant potential line, users have improved 
voltage regulation so that the average 
voltage at the motors is more nearly 120 
and 240 volts than 115 and 230 volts 

In considering standards for gener 
ators, no change was made in the voltage 
because new generators very frequently 
must be operated in parallel with old 
ones. Furthermore, keeping the line volt 


age the same as before produces no prob 





lems involving capacity of lines 

Regarding Class B insulation, the prin- 
cipal advantage of its use is that, over 
the entire range, it makes possible smaller motors with lower 
W kK? of the armature and lesser fields. This causes motors to 
be faster electrically. Further, recent advances in Class B 
insulation—such as enameled conductors—have much signifi 
cance for the new designs 

Phe ASA standard for Class B insulation is for a 70-degree 
rise over a 40-degree ambient temperature for an open or 
self-ventilated motor. The corresponding limit for Class A 
insulation is a 50-degree rise over a 40-degree ambient tem 
perature Since general purpose motors were assigned a 
1)-deyree rise (with a service factor), a similar margin was 
used for the new industrial d-c motors. The present revision 
of the ASA C50 standards shows a 60-degree rise for Class B 
insulated motors for general-purpose applications. Therefore 
the same relationship was desirable when using Class B insu 
id been used with Class A insulation. The same 


lation, as 
service factor, 1.15, applies to the new line of motors having 
the 00-deyree rise 

hese results of the d-c motor rerate program are now being 
incorporated in motor designs. This program is well planned, 


! 
| 


and will yield worthwhile results with minimum difficulty. « 
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SILICON 
POWER 
RECTIFIERS 


OF. RR. Lt. BRIGHT 
Advisory I 

Semiconductor Department 
Westinghouse Electric Corporatior 


Youngwood, Penns inia 


gineer 


e Tu has been transformed from a 


laboratory curiosity to a practical high-power, current-recti 


SILICON RECTIFIER 


fying device within the past year. The advantages of the new 
silicon rectifier are several: long life with negligible change in 
forward drop; high peak inverse voltage per cell; high permis 
sible operating temperature; high rectification efficiency; ane 
rugged mechanical construction 

rhe silicon power-rectifying cells now commercially avail 
able are of the alloy junction type his unit can be made by 
placing a thin slice of n-type silicon between a piece of alumi 
num foil and a piece of high-melting-point solder, and fusing 


The aluminum melts and 


this sandwich together in a furnace 
alloys with the surface of the silicon to form a layer of p-type 
material. The actual rectifying junction is the interface be 
tween this thin p-type silicon aluminum and the undisturbed 
n-type silicon 

The current density in a silicon cell is extremely high con 
that of 


Whereas selenium is normally rated at about 


pared to present industrial selenium rectifier 


, ampere per 


square inch, silicon is being rated by various manufacturers 


at 500 to 1500 amperes per square in¢ h, and conceivably 3000 
amperes may be practical. Actually, the real current-carrying 
limit of a silicon junction is determined by the temperature 
rise of the cell—hence the better the cooling, the greater r 
current-carrying Capacity 

The maximum operating temperature imited by severa 
factors. For example, temperature must not exceed the me 
ing point of any of the parts. Since leakage usually rease 
rapidly at high temperatures, this nother limitation. For 
applications where leakage is not critical, maximum ju! yn) 
temperature is limited toa value necessary to prevent therma 
runaway due to power dissipated he ce luring e re 
verse part ol the cvcle 

At the present state ol the art, the average con-rectitier 
life, and the exact effect of the various factors tha ence 


this life are not known. Although 
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A 100-ampere 
uses silicon rectifiers. The sili 


con sandwich (right 


bridge 


(above) 


is only % 


inch in diameter but can carry 
200 amperes and block 200 volts 
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A New Concept 
In Speed and 
Frequency 
Control... 

the ELECTRIC 
GOVERNOR 









J. G. GABLE 
| 










First power plant installation of the electric governor is at the 
Municipal Power Plant at Tipp City, Ohio (above). The electric 
governor regulates the prime movers, a pair of Enterprise 1755 
hp diesel engines, which drive a pair of 1240-kw generators 































ive speed response of a typical engine-gener- 
with conventional, and electric governors 


desired steady-state conditions is minimized 


ind frequency deviations are kept within narrow limits, a 
Ov n big. 1 
lhe new yvovernor consists of two basi components il 
elec nirol unit and a hydraulic actuating unit (big. 2 
er is the information and decision center of the govern 
or. the electric control unit measures three variables yener 
tor trequem vyenerator oad and engine throttie position 
An electrica immation of these variables is amplified, anc 
ipphed to the hydraulic actuatiny unit. which converts the 
RAPIDLY RESPONDING OVERNOI are ¢ ential lor yener erectri nlormatlo nto proportional hydraulic forces and 
itil CLOSE re ited powel h envine-venerator se \ e throttle 
new electri rOvVeTNO! rehieve ! higl peed response 
hrough an entirely new concept—anticipation of prim Electric Control Unit 
mover speed we through toad sensin Moreover he ( 
elects governor pern iutomatic load sharing by two or As the center of intelligence for the governor, the electric 
more ¢ e-yenerator s¢ operating 1s0¢ hronousl\ ontr 1 3; contained ina separ ite ventilated enciosure 
The fundamental difference between the new We ! no ( | ntire Lik Lis con pr sed ol such stable components as 
elects vernor and conve onal mechanical or It tra rmers, rectifiers, resistors, and fixed capacitors. A¢ 
mechan overnolr " ‘ e conventional type ( ‘ ora reults have yng service life, and are not affected 
0 ( ( peed, the new ele I vyovernor revulatle ‘ l OCF bration, or climatic changes 
by ol frequen or speed) and also anticipate mi ‘ \\ he electric control unit a frequency circuil measures 
lIreque chanye 1) ico us Sensing ot the i ine ener rirequency, and corrects tor any deviation trom a se 
ou enerator load. When alo ncrease or decrease enseqd relere e trequency Its prin iry tlunction 1 to counteract 
the elects overnor act mmediately to toresta inv ire ma re i¢ \ ts at any specili oad. Signals tron i 
yuency «ae latiolr \ ire j ( me required to retul thie lreque ( Live L< circ lit and a frequency relerence cif 
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cult are compared electrically and any voltage difference then 
becomes an input error signal to the magnetic amplifier. In 
operation, the reference voltage cancels the output voltage ol 
the frequency-sensitive circuit when the generator is operat 
ing at the desired frequency. When a change in prime-movet 
speed causes a change in generator Irequency, the output 
voltage of the LC circuit varies above or below the fixed refer 
ence voltage and the resulting error signal is magnetically 
implified and causes the throttle to be moved in a direction 
to reduce the error and bring the set back on frequency 

A second circuit within the electric control unit is the /oad 
responsi e circuit, which § anti Ipates prime-mover speed 
change by measuring generator load. A-c generator loads are 
measured by small magnetic wattmeters or transformers, 


which measure phase current and voltage and produce a1 


output signal proportional to the electrical load. Each phase 
is measured separately and the load signals are added to give 
the total load, so that phase balance is not required for proper 
operation For combination type 400-cycle ( ngine-generator 
sets that include a d-« generator as an appre iable percentage 
of the total load, a d-c current-measuring transductor pro 
vides a d-c load signal, which, when added to the a-c load 
signal, provides a totalizing load signal that indicates the 
total mechanical load on the prime mover 

rhe third basic signal developed within the electric control 
unit indicates throttle position. This indication is provided by 


j | 


a throttle feed-back system, which is mechanically coupled to 
the throttle actuator. This throttle follow-up circuit supplic 
a voltage that is equal but of opposite polarity to the load 
sensing signal. At the instant of load change, the load-sensing 
circull develops a signal proportional to the load change. The 
output signal produced causes the throttle to be moved in a 
direction to compensate lor the load change. As the throttle 
moves, the throttle circuit furnishes a signal to oppose the 
original load function. When the correct throttle position i 


reached, the signals neutralize each other 


Hydraulic Actuator System 


The various electrical signals previously described are com 
bined bya magnetic amplifier according to their proper relation 
ship to obtain a single amplified outpul Phe hydraulic actuat 
ing system converts this signal to a proportional hydraulic 
force, which acts through a piston to control the throttle 
In function, the ac tuator employ san electrical valve which 
integrates the hydraulic pressure of the supply into two port 
that feed the opposite sides of a hydraulic piston or vane in a 
closed-loop hydraulic system. Under steady-state conditior 
these two output forces are equal so the piston is in equ 
librium and does not move. But when frequency discrepancic 
require correction, the push-pull amplifier system causes the 
valve to unbalance this equilibrium and to raise the pressure 
on one side of the piston while lowering the pressure on the 
other side. This unbalance of pressure causes the piston to 
move. Thus, the position ol the piston nas no ettect of 
operation and it can be equalized anywhere within it I 


of travel. The linear displacement of the piston or the rotary 
outpul ol a rotary vane 1s transferred to the throttle b i! 


appropriate inkage Ss) stem 


Fig. 2—Operating principle of electric governor: electric control 
unit measures generator frequency, load, and engine-throttle 
position, and supplies an electrical summation signal to the 
hydraulic actuator unit; here, signal is converted to hydraulic 
pressure, which positions throttle through a linkage system 
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The electric control unit | pera r advantage 
not previously available, the | ( eration of two or more 
units on an isochronous ba lt ( e-generator sets are 


equipped he electric gove escribec nte il para 
leling ¢ permits a ! I ochronously so 
eact s predeter ‘ ) on ot the t Ul applied 
load CIALLY mpor ere the maximum toad 
dey ystem ¢ et ( i ol the ryest 1 
chime i frequent Vy droo] rea oad desirable 
This advantage is made possible | e of the load-sensitive 
circuit to indicate wl if perce ( ! e total load placed 
ona particular umit. When the ils from electric governor 
operating in parallel are compare nbalance then oper 
ates to return the individual se o the desired relationshy 
The electric governor 1s also pro ed with ama i cont 
to adjust the individual unit erate W 1 zero to five 
percent steady-state peed r 1} control pern 
units equipped with We e electric governor » be 
operated in parallel wil ( ( i erin 

\s a result ol the intev! } I ill\ n intaneou 
electrical circuitry and a | re 0 e high-force hydrau 
Ihe ystem, throttle chanve be pproximately OO] 
ond and full trave | compiete Cl i i hort 
0.1 econd after applicatio or rey mn of full load. fh 
well-designed, high-speed « e-venerator sé rapid 
response ha produced Ly] r" transient Tee 
deviations of less than 1.5 perce d recovel » Sti 
tate conditions occur V) ( ( adatter apy catiol 
re ection of full load * 
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Installation Possibilities for Heat Pumps 







| DI ( required for heat-pump insta iLL1On IS 






re ‘ e-fourth that formerly needed by a new 





ele r sole 0 iif for itS heating and cooliny ¢ 

r ec hie r pump has proven in ¢ treme 

at ce lor immer cooling ind winter heatiny 
{ { e Hidewa Heat Pump the new unit made in 
er ind tive-tor ( It contains the same operating 
( it are used in standard single-unit Westing 
‘ air heat pump uch as the ‘‘4-way valve” for 

( ( ! oolny changeover 

( le air-handling unit is 34 by 33 by 22 inches, the 
yressor-condenser unit is 38 by 36 by 29 inches. « 


Empire State Building Lights The Sky 


Puke EMPIRE STATE BUILDING will light the skies of much 
the ortheast through the addition of four mighty search 
f | talled ist above the observation platiorm 1092 
ibove the streets of New York City. these beacons are 
werful enough to be seen under ideal conditions as far away 


Bo on and Ba timore 

Heart of the searchlights is the 2500-watt short-arc mer 

| 1) which in conjunction with the highly polished 

retlector produce 450 000 000° candle power of light: per 
(‘ombined, the four beacons provide almost two bil 

candle power otf tigi 

(or illy, the searchlight units were carbon-arc lights used 

intiaircraft searchlights during World War II. They have 
pecially moditied to house the short-are lamp 

lemperatures within the searchlights will reach as high as 
leyrees Fahrenheit. To withstand these extremely high 

peratures, the bulbs are made of quartz rather than glass 


o required to withstand high internal pres 





re than 300 pounds per square incl 
Ine of the five-foot beacons points straight up. The three ’ 
ers on the world tallest building are directed outward - 
vie ol | r ievree above the horizor l They re 
( yu eTCLOCK WIS it the rate ol one revolution per 
e fron indown to midnig * 
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Supervisory Control for Airport Lighting 


ate FIF LD LIGHTING SYSTEM tor © hicayo s new 
Clal airport ()’Hare Field, is now supervised”’ remotely 
a Ssupervisory-control system 
During the recent enlargement and rebuilding of O’Har 
| 


Field to make the airport suitable for commercial as we 


as military operations, municipal airport engineers reco! 


mended that the control tower be moved to a better spol 


ibout 6000 feet across the field. The orivinal a rpor 


I ad, of course, been operated from the old control tower ee 


1@ tower operator, in directing air tratlic, must frequer 
vary the lighting. The transformer witchgear, and other ap 


paratus needed to power and switch the ivhting were located 


a vault beside the old tower. Underground conduits fed from 


the vault lo approac nh, runway and beacon lights, and 


contro 
wires extended from the vault to the towe r operator s consol 
lo move either the vault to the new tower site, with the 
necessary relocation of underground conduits, or to exten 
the control wires 6000 teet trom the vault to the new tower 
would have been both expensive and time consuming. | 
tead, contact has been maintained between the lighting cor 


trol panel at the new tower site and the old vault with a 


remote control system and a single te ephone circul 
the vault and the new tower. The te lepl one circuit 1S lease 
from the local telephone company 

The remote control system used is a modification of the 
Westinghouse Visicode supervisory-control system. Norma 


y, this system Is employed by electric-utility compan O 


control remotely-located equipme nt Irom a centra poll 

The airport Visicode S) stem consists of two unil one at 
the vault, and one at the new tower, with a 15- by 30-inch 
control panel as part of the tower console. On the panel 
are buttons and lights to control and monitor all the ivhtinyg 
$a button 


see photograph When the tower operator pu he 


the Visicode unit translates this signal into a code similar 


to that used in dialing a telephone. It consists of a definite 
vyroup ol pulses aSsSot lated with the button pu hed The 
Visicode unit sends these pulses over the telephone wire to 
he Visicode unit in the vault. This unit counts the pulses and 
iultomatically translates them into a signal that cause thie 
designated switch to close. After the switch has closed, another 
coded signal is sent back from the vault through the Visicocde 
units to the panel \ lamp on the panel then indicates to the 
operator that that switch has closed. By simply pressing the 
proper buttons. the tower operator can by remote contro 

select any runway select the approae h lights at either end 
of the runway; adjust the brilliancy of the lights; and switch 


on or off the various wind indicator, and obstruction lights. e 











































































When control circuit trouble 


S$ suspected, a new push-to-test 


oil-tight indicating light permits the machine operator or main 
tenance man to determine whether an unlit tndicator lary 
means circuit trouble, or is merely the result of lamp failure 

By pressing the lens of the new indicator light, the operator 
transfers the lamp from its normal circuit to a separate built-in 
lamp test circuit. If the lamp is functioning, it will light normal 
ly, an indication that trouble shooting is in order. If it fails to 
light, the lamp is easily replaced 

The new push-to-test indicating lights are designed for 110-, 220 
and 440-volt applications. Open, cover, or panel-mounting units 


have dimensions identical tostandard unitsof corresponding types 


































Largest axial-flow compressor eve, built is this three-stage 
compressor, which provides the airflow for the transonic cir 
cuit of the Propulsion Wind Tunnel at the U S. Air Force's 
Arnold Engineering Development Center Tullahoma Ten 
nessee. This view from the downstream end of the huge West 
inghouse-built compressor shows the 63-foot streamlined nacelle 
that encloses the end of the drive shaft The transonic 
circuit of the Propulsion Wind Tunnel will test full-scale 
operating jet engines or large-scale aircraft and missile 


models at testing velocities ranging fron ¥Y0 to 1000 mot 
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Electric Motors and Generators 
Drive Construction Rigs Along 
St. Lawrence Seaway 


eloped to take 


10) horsepower 






New Material For Super Permanent Magnets 


\ VM ETIC MATERIAL—virtually 100 percent pure 
ese-bismu promises to yield more powerful per 

( ivne The magnet properties ol manyvanest 
re O promising that ftuture design, construction 

per rmance ol many present day devi es employing 


be affected 
Althou tne superlative magnet properties ol pure man 
vanese-bismuth have heen predicted 1or several vears, the 


rm of MnBi that best exhibits these properties could not 


pe made jure enouvn to realize its potential abilities \ new 
ethod of preparation recently developed gives, on a labo 
rator Cale i new and mnghiy magnetic torm of manganese 
bismuth. The process originated in the magnetics and solid 
ile p cs department of the Westinghouse Research 
Laboratori Improvements in the original technique and 
( vation ol permanent magnets made from the new 


now being made by materials engi 


ire manyganese-bismuth is prepared in the following 


inner inganese and bismuth are ground together to ex 
treme mall size under an inert atmosphere of helium gas 
Phe helium prevents the powdered materials from catching 
re spontaneously, which they would do on exposure to air 
Them ire is then sealed in a glass vessel under low-pressure 
ium, | ny preci e temperature control the manyanese and 
mu ire united chemically at a temperature slightly less 


0 degrees I’, the melting point of bismuth. The resulting 


roduc ritually 100 percent pure MnBi, is reground to a 
e powder! hese parti es are imbedded in a plasti: matrix, 
oriented 1 powertul magnetu field, and molded to shape 
Perhaps the greatest advantage of MnBi maygnets is their 
nusual re tance to demagnetization, which ts at least 10 


nes better than most commercial magnets available today 


The new magnets derive many of their unusual properties 


trom be r powder type magnets; eac h individual MnBi par 
e, abo 4) millionths of an inch in diameter, is itself a 
inet. The partici ire “insulated” from one another 
he plastic binder, or matrix, in which they are imbedded 
(Once magnetized each particle adds to the total magnet m 
The re | ,r figher resistance to magnetization suyyvests 
many advantaye ol Mnbi magnets lor example such may 
el vould not be adversely affected by external mayneti 
eld ‘ would make them espe lally promising for elec 
meter where tray magnetism trom large electrical 
‘ eg mine ! often encountered 
re tance to demagnetization ol pure MnkBi 
r 1 i whole new assortment of permanent magnet 
‘ ipes and uses. It makes practical permanent 
( 1 wide variety of shapes, particularly in the lorm 
{ ers or disk 
é revious conventional materials for permanent magnets 
r ire riously difficult to handle. They must be machined to 
ire extremely hard and brittle. Manganese-bismuth 
| i ( »wever, can be easily drilled, tapped, and cut 
eve penknife if a suitable plastic binder is selected 
( equ y, expel e machining operations can be elimi 
ted ivnetscan be ca or molded possibly even extruded, 


ne desired. Manvanese-bismuth magnets thus 


on ot extreme formability’ 


( thie ortunate combinat 


metic characteristics that make unusual shapes 





ra ‘ Because the plast binder 1s an electrical insulator 


ese-Dbismul magnet ire nonconductors These 





ations tor the magnets. e 
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personality | J. G. Gabl U. A. Schult uerF. i 
= 
PROFITS ici ih ii 


rhis is a fitting issue for the appearar 
Gable this month marks h 
sary with Westinghouse 
econd year as manager of the electric 
or project, of which he write in th 
Gable joined the company in 1946 after 
n the armed forces 
ignal officer from 1943 to 1946. A graduate of 
Carnegie Tech in 1940 with a BSEE, he work 


ed with an industrial firm in both engine 


in Europe as a 


and sales prior to joining the armed force 

He came with Westinghouse as a design en 
gineer in the Control Engineering department 
then located in East Pittsburgh, and 
with the department when it was trar 
to Buffalo a year later. He was appointed a 
section manager in 1951, and a ubdivision 
manager a year later. Exactly two year 
this month, Gable assumed responsibility 
engineering, manufacture, and sale 


electric governor project. 


The second appearance ol M chultz 
in the ENGINEER comes almost on 
of his first entry in the May 1956 i 
time he talks about the Westinghouse 
Reactor, of which he was made project engi 
neering manager in August 1955. This new job 
has involved Schultz in a myrid of administra 
tive problems, ranging from recruitment of 
technical manpower for design and operation 
of the testing reac tor, to radiation-sewage d 
posal. These new responsibilities leave Schultz 
vith one chief regret— little time to delve into 


engineering design problem 


M. E. Knudson, author of the article 
the motor rerating program, is a native ol 
Minnesota. He graduated from the University 
of Minnesota in 1930, with a BSEI 
joined the Graduate Student Course at West 


and then 


inghouse. His next stop was in general sales for 
three years, and then to the Chicago office, 
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lustries, and then the food industric 
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ment in East Pittsburgh as manager 
Steel Mill and Metal Working section 
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in college and high school he spent h 
time on the race track as a jockey 
although he i till an excellent horser 


prime recreational interest is fishing. 
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nark his first appearance on these page 
has written a number of comprehen 
on control ubject 
Ponsting| 


Doing an enco } is issueis Dr. C. Zener 
earch Laboratori 


Zener ubrect 1 ! fundamental principle 


acting director 


underlying metallurgic lesign for strer 


nil 
i member of the electrical engu 
titute of Techn 
a graduate of Tecl 
levree there h 
1946, an M.S 
1947, and a D.Se 


1950 


Pemp range urface control 

formed from a working prototype 
“duction design in record time— ju 
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Super Permanent 
Magnet Material 


Highly purified manganese-bismuth a 
new magnetic material that promises to 
yield more powerful permanent magnets 

bursts into a fiery waterfall when 
scattered in air Since t catches fire 
spontaneously on exposure to air, the 
finely ground powder must be pre 
pared and processed in an nert at 
mosphere of helium gas Right fe 
sample of highly purified manganese 


bismuth is weighed by remote control 





